Vascular Endothelial Growth Factor Receptor Type 1 Signaling Prevents Delayed Wound Healing in Diabetes by Attenuating the Production of IL-1β by Recruited Macrophages.
The persistence of proinflammatory macrophages, which are recruited to the granulation tissue, impairs the healing of diabetic wounds. Herein, we examined the role of vascular endothelial growth factor receptor type 1 (VEGFR1) signaling in streptozotocin (STZ)-induced diabetic wound healing. Angiogenesis, lymphangiogenesis, and the healing of full-thickness skin wounds were impaired in STZ-treated wild-type (WT) mice compared with vehicle-treated WT mice, with attenuated recruitment of VEGFR1-positive macrophages expressing vascular endothelial growth factor (VEGF)-A, VEGF-C, and VEGF-D to the wound granulation tissue. These phenomena were even more prevalent in STZ-treated VEGFR1 tyrosine kinase knockout mice (VEGFR1 TK(-/-) mice). STZ-treated WT mice, but not STZ-treated VEGFR1 TK(-/-) mice, showed accelerated wound healing when treated with placenta growth factor. Compared with that of STZ-treated WT mice, the wound granulation tissue of STZ-treated VEGFR1 TK(-/-) mice contained more VEGFR1-positive cells expressing IL-1β [a classic (M1) activated macrophage marker] and fewer VEGFR1-positive cells expressing the mannose receptor [CD206; an alternatively activated (M2) macrophage marker]. Treatment of STZ-treated VEGFR1 TK(-/-) mice with an IL-1β-neutralizing antibody restored impaired wound healing and angiogenesis/lymphangiogenesis and induced macrophages in the wound granulation tissue to switch to an M2 phenotype. Taken together, these results suggest that VEGFR1 signaling plays a role in regulating the balance between macrophage phenotypes in STZ-induced diabetic wounds, prevents impaired diabetic wound healing, and promotes angiogenesis/lymphangiogenesis.